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ABSTRACT

America’s private forests provide a vast array of public goods
and services, including abundant, clean surface water. Forest

loss and development can affect water quality and quantity when
forests are removed and impervious surfaces, such as paved
roads, spread across the landscape. We rank watersheds across
the conterminous United States according to the contributions

of private forest land to surface drinking water and by threats to
surface water from increased housing density. Private forest land
contributions to drinking water are greatest in the East but are
also important in Western watersheds. Development pressures on
these contributions are concentrated in the Eastern United States
but are also found in the North-Central region, parts of the West
and Southwest, and the Pacific Northwest; nationwide, more
than 55 million acres of rural private forest land are projected to
experience a substantial increase in housing density from 2000 to
2030. Planners, communities, and private landowners can use a
range of strategies to maintain freshwater ecosystems, including
designing housing and roads to minimize impacts on water
quality, managing home sites to protect water resources, and

using payment schemes and management partnerships to invest in
forest stewardship on public and private lands.
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INTRODUCTION

orested lands in the United States provide multiple

goods and services to the American public, including:

forest products, fish and wildlife habitats, and
opportunities for outdoor recreation and education. One
of the most vital benefits provided by forested ecosystems
is clean and abundant supplies of water for drinking and
agricultural and manufacturing uses, as well as for aquatic
habitats and numerous other ecological, social, and
€Conomic purposes.

Both public and private forests contribute to maintaining
the quality of the water supply, but private forests are
uniquely vulnerable to being converted to or affected by
housing development. This report focuses on the role

of privately owned forests in providing clean drinking
water, and how increasing housing density may alter these

forests and water quality.

Larry Jernigan, volunteer, US Fish and Wildlife Service Southeast Region

Clean water flowing from private forests supports a myriad
of recreational opportunities.

Fed by forested
streams,
California’s Lake
Shasta is a critical
source of water
for irrigation,
drinking water,
and power supply.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.
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Forested ecosystems provide high-quality water for drinking
and other human uses.

This report is one of several produced by the U.S.
Department of Agriculture (USDA), Forest Service as
part of the ongoing Forests on the Edge project; it is
also produced in conjunction with the Forests to Faucet
project (see box). We display and describe information
at a national level that can improve understanding of the
connection between forest land development and water.
The report draws on the scientific literature to describe
how increased housing density in private forests affects
water quality. We then combine national datasets on water
quality and housing density to answer the questions:

* Where, nationwide, do private forests make substantial
contributions to clean water?

» Where are projected increases in housing density
expected to negatively affect private forests and water?

We present several examples of how land use planners,
natural resource managers, and communities are
responding to these threats and taking action to maintain
water quality in the face of forest development.

istockphoto.com
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USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.

For these analyses, we focused on water quality and
housing characteristics for which nationally consistent
data were available. Similar to other Forest on the Edge
reports, the data are analyzed by watershed—an area

of land that drains into a river, stream, or other body of
water. We chose watersheds as the unit of analysis to
empbhasize the vital connection between private forests
and clean water. Analysis at the watershed scale also
provides information useful for States, counties, and
national forests. However, as with previous Forests on
the Edge reports and other national assessments, the final
results are not intended to assess individual watersheds
of interest, but rather to give a wider understanding of the
trends and patterns across the landscape.

FORESTS, WATER, AND HOUSING—A COMPLEX
RELATIONSHIP

orests are critical to America’s clean water supplies,

but they are also very desirable places to live. As the

U.S. population increases, in forests and elsewhere,
so does our need for reliable sources of clean water.

However, housing growth in forested areas is associated
with negative impacts on water supply.

NRCS / Jeff Vanuga

Handline sprinkler irrigation germinating crops in Yuma, AZ.



Forested Ecosystems and Water

Water supply begins as precipitation. Water that seeps
underground into pores between sand, clay, and rock
formations is termed groundwater. In this report we focus
on surface water—water derived from precipitation that
enters streams and rivers, eventually flowing downstream
to oceans. Approximately two-thirds of the U.S.
population relies on surface water for drinking, with the
rest using groundwater (EPA 2009).

The health of the lands through which freshwater passes
play an important role in the supply and quality of surface
water resources. Forests are known to play a particularly
important role in water quality, reliably producing the
highest quality stream water (Neary and others 2009).
Forests are highly efficient at capturing precipitation
(owing in part to organic matter, such as leaves, on the
forest floor) and at maintaining water quality (owing

to the filtration functions played by high quality soils)
(Neary and others 2009). Forests also maintain effective
nutrient cycles and prevent erosion and sediment

runoff (Neary and others 2009, Vose and others 2011,
Wickham and others 2011). These water resources in
turn support vital riparian and wetland habitat for aquatic
and terrestrial animals as well as high-quality water for
drinking and other human uses.

In total, an estimated 53 percent of the water supply in the
conterminous 48 States originates on forests (Brown and
others 2008)!. Consequently, the U.S. population relies
heavily on healthy forested watersheds to produce a stable
and high quality supply of water. For example, urban
areas throughout Arizona, California, and Nevada derive
most of their water from the Colorado and Green Rivers,
which originate in high-elevation forested headwaters in
Colorado and Wyoming (Neary and others 2009). Not

all water resources originate on public lands: most of
New York City’s water supply comes from New York’s
Catskills area, a region that is 75 percent privately owned
(Postel and Thompson 2005).

Maintaining forest health can minimize the cost of
additional treatment by local governments. In fact, some
U.S. cities—such as Seattle (WA), Boston (MA), Portland
(OR), and New York (NY)—have chosen to invest in
land conservation and watershed protection rather than

I Brown and others (2008) derived vegetation cover from the 1992
National Land Cover Database, with forest cover composed of cover
classes 41 (deciduous forest), 42 (evergreen forest), and 43 (mixed
forest).

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.

USFS / Susan Stein

More than half of the water supply in the conterminous United
States originates on forests.

in additional water treatment facilities to maintain water
quality (Carpe Diem West 2013, Postel and Thompson
2005). In other cities (such as Denver, CO, Santa Fe, NM,
and Flagstaff, AZ), the drinking water supplier or city
residents have invested money in forest restoration and
wildfire risk reduction in watersheds that supply drinking
water (see Innovative Payment Schemes, later in this
document).

Importance of Private Forests

More than half of America’s forests (56 percent, or 423
million acres) are privately owned (Fig. 1)—that is,

they are owned and managed by individuals, families,
corporations, tribes, and the forest industry (Butler 2008).

istockphoto.com

North-South Lake and the Hudson Valley in the Catskills
Mountains, upstate New York.
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Figure 1. Location of private and public forest, nonforest, and urban areas. Private Forest includes
private conservation land and easements. SOURCE: CBI (2012), Fry and others (2011).

Private forests are not distributed equally across the U.S.:
three-quarters are in the Eastern United States, although
private lands in the Western United States are also
ecologically important.

Private forests make valuable contributions to our water
supplies: more than a quarter of our fresh water flows
from and is filtered by private forest lands (Brown

and others 2008). Public lands—those areas owned by
Federal, State, or local governments—were not included
in the analysis presented here because these lands are
typically not at risk of increased housing density.

Large
Private forests come in all sizes, from smaller than {5"’“;';:"”) :
10 acres to larger than 10,000 acres. Most private forest Small
acreage is owned by “family forest” owners—individuals { 20 mg‘;: el

and families—while others are owned by corporations;
these owners have diverse management goals, styles,
and resources (Butler 2008). However, this is a time of

Medium
uncertainty and change, both for corporate and family (100 to 4,999 acres) 42%

forest owners. Among corporations, traditional forest
industry owners have been increasingly replaced by
institutional investors, leading to a higher frequency of
land turnover and subdivision of large land holdings
(Clutter and others 2005).




Many family forest owners are older than 55 years, and 22
percent of all family forest land may be available for sale
or transfer to new owners in the near future (Butler 2008).
In combination, the rising costs of owning family forests,
demand for housing in many forested areas, and shifting
economic realities for timber production will likely
increase land subdivision and housing development on
private forests. These trends are expected to continue into
the future, despite the economic downturn and slowdown
in the housing market that started in 2007.

Housing Development Effects On Water

When forests are developed for housing, wide-ranging
environmental impacts can ensue. During development,
forest vegetation is cleared and slopes and soils are
graded for construction, which can lead to erosion and
sedimentation. After construction, impervious surfaces
(those that do not allow water to seep through) such as
roads, parking lots, and rooftops are introduced; and new
infrastructure (such as gutters and storm drains) enables
fast removal of surface water from the landscape (Hansen
and others 2005, Liu and others 2003).

DUNNING
FAMILY

2005
THEE
FARMER 4
OF THE 7
YEAR Hf\

»

CLARK COUNTY
FARM FORESTRY

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.

The Economic Downturn and Housing Growth

The economic downturn that started in 2007 had wide-
ranging effects on the American economy, lowering rates

of home ownership and slowing the record housing
development that had been seen in the previous 2 decades
(Congressional Budget Office 2008, Jacobsen and Mather
2011, Yen 2011). The 30-year period used for our housing
projections (from 2000 to 2030) does not factor in these
economic changes and their impacts on the housing market
(Theobald 2005). However, economists and housing experts
expect that housing growth will recover with the economy
(Williams 2012), so that the rate of land conversion for
residential development is expected to rise again in the
future.

The slowdown in housing expansion may offer a

valuable opportunity to plan for the future of residential
development and land conservation. For example, as land
has become more affordable and development has slowed,
land trusts have been able to expand conservation efforts,
often through easements that allow continued forestry,
timber, or agriculture (Christensen and others 2011). The
housing downturn is also allowing time for communities
to address planning concerns; for example, county
governments and local groups are working to reshape
unfinished housing and resort developments that are
common across the West (Best 2012).

Private forest landowners have diverse
objectives for their forests, ranging from
sheer enjoyment to forest products to
conservation and family legacy.
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New housing development also leads to expanded
infrastructure far beyond the site of the house, including
roads and transportation networks. (See Building Roads
and Infrastructure, later in this document.)

Thus, housing development not only removes existing
forest vegetation that had been protecting the water
supply, but also significantly alters freshwater systems

by increasing the amount of impervious surface, mostly
roads (Jacobson 2011, Schuler and Ince 2005). As
impervious surface expands, less precipitation is able

to recharge the groundwater supply, and more is lost to
surface runoff, thus altering the timing of stream flows
(Fig. 3). Additional impacts of housing and associated
development include more pollutants in the water, more
variable water flow due to increased impervious surface
(which may cause in-stream sedimentation), and increased
water temperature due to loss of vegetation and expansion
of impervious surface (Allan 2004, Brabec and others
2002).

These alterations in water quality and quantity have
far-reaching effects on people and wildlife. As surface

istockphoto.com

More impervious surfaces means less water is absorbed into
the ground to recharge groundwater supplies.

USFS / Susan Stein

The addition of homes and other structures to the landscape
can cause higher streamflow rates, and greater stream bank
erosion during rains.

water runoff is altered, riparian zones experience reduced
abundance and diversity of many organisms, including
algae, invertebrates, amphibians, and fishes (Paul and
Meyer 2001, Price and others 2006, Riley and others
2005) (Fig. 3). A review of scientific studies (Brabec

and others 2002) found a decline in the diversity and
abundance of fish, invertebrates, and other aquatic
organisms when impervious surface ranged from 3 to

15 percent of the area, as a result of habitat degradation
(turbidity, altered flow regimes, increased temperatures).

As water quality declines, challenges for human use
increase, including rising costs for filtration and treatment
(Davies and Mazumder 2003, Dearmont and others 1998,
Grolleau and McCann 2012). And while such treatment
might clean up certain aspects of water pollution for direct
human consumption, water treatment facilities operate in
only one location and do not address water quality issues
across the entire landscape, as a healthy forest can do.

These impacts have become more prevalent across the
United States as housing development has intensified,
with a notable increase in housing in rural areas with
high natural amenities, such as mountains, forest cover,
or lakes (Hammer and others 2004, McGranahan 1999,



Stream Health

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.

No trout

| andonly tolerant insects |

Percent Impervious Surface

<5% 5-10%
+ Water cool and clean * Water may be warmer and
+ Stream banks and bottom slightly polluted
typically stable * Erosion may be evident
* Trout can be found * No brook trout
« Endangered species can be =+ Most rare and endangered
found species absent
+ Many fish species * Many pollution tolerant fish
+ Many salamander species + Fewer salamander species
* Many freshwater mussels * Only tolerant mussels
* Many insect taxa « Fewer insect taxa

10-20% >20%

+ Water warmer + Water warm and pollution

+ Erosion usually obvious usually evident

* Trout absent + Unstable habitat

* Rare stream species absent | - Trout absent

+ Fewer fish species + Non-native species dominate

* Only three tolerant some streams
salamander species = Only tolerant fish species

+ No native mussels
* Mostly tolerant insects

+ One salamander species
+ No native mussels
+ Only tolerant insects

Figure 3. Impacts of impervious surface on water quality and biodiversity. Used with permission from the

Maryland Department of Natural Resources.

Theobald 2005). Nationally, housing and infrastructure
are expanding at higher rates than are human populations,
as a result of decreasing household size, more widespread
home ownership, and multiple home ownership (Hammer
and others 2004). By 2000, urban and exurban settlement
in the United States had expanded to cover four to five
times the area they had covered in 1950 (Brown and
others 2005).

Development in rural or exurban areas is of particular
concern because the average housing unit in these areas
causes more development impacts than the average urban
housing unit, largely because of the additional roads and
infrastructure needed for each household (Brabec and
others 2002, Brown and others 2005).

METHODS: ESTIMATING THE IMPORTANCE OF PRIVATE
FORESTS TO DRINKING WATER

o determine the relationship between private forests,

housing growth, and water quality and supply, we

first determined where watersheds with private forests
are located. We then created a measure of how important

each watershed is for surface drinking water, and we
estimated the relative contribution of private forests to
the supply of surface drinking water. We combined this
information about where private forests are important to
surface drinking water with projections of where housing
densities are expected to increase, to identify those areas
where future housing development may threaten water
supplies.

istockphoto.com

New housing development leads to expanded infrastructure,
such as roads, which can affect water quality.
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The analyses summarized and presented here originated
in the Forests to Faucets project (Weidner and Todd
2011) and the Forests on the Edge project conducted

by the Forest Service (e.g., Stein and others 2009). The
methods used here in combining layers and ranking
watersheds, including the housing density categories used,
were first developed by the Forests on the Edge project.
Weidner and Todd (2011) developed the surface drinking
water importance index and worked at the finer 12-digit
watershed level (see box, What is a Watershed?). See the
appendix for further methodology details.

Estimating the Presence of Private Forests

Where do private forests make substantial contributions to
clean water, and where might future increases in housing
density affect private forests vital to our drinking water
supplies?

To answer these questions, we made a map identifying the
percentage of private forest by watershed, based on data
from the National Land Cover Dataset (NLCD) (Fry and
others 2011), data on National Forest System (NFS) land
locations (USDA Forest Service 2009), and the Protected
Areas Database (CBI 2012). The watersheds used are
referred to as 6t-level or 12-digit hydrologic units (HUCs).
The definition we used for “forest land” is the same as that
used by the U.S. Geological Survey (USGS) when creating
the NLCD: land with at least 25 percent tree crown cover
from trees that are greater than 20 feet tall (Fry and others
2011).

Measuring a Watershed’s Contribution to Drinking Water

To determine what areas are most important for surface
drinking water, we used a data layer created by Weidner

What is a Watershed?

A watershed is an area of land that catches rainfall and
other precipitation and funnels it into a network of
marshes, streams, rivers, lakes, soils, or groundwater. The
U.S. Geological Survey (USGS) has classified all U.S. lands
according to a series of nested watersheds, referred to
hydrological units. For this analysis, the 6th-level or 12-digit
hydrologic unit (HUC) was used (USDA/NRCS). Within the
hierarchy of hydrological units, these 12-digit units are
termed subwatersheds, but we refer to them as watersheds
throughout this report for simplicity. There are more than
90,000 of these watersheds in the United States, with a
mean size of 35 square miles, and ranging in size from 0.62
to 986 square miles.

USFS / Susan Stein

Much of the Potomac River is fed by surrounding private and is
affected by the use of these lands.

and Todd (2011), which is an index of the relative
importance of surface drinking water in each watershed
across the United States. Weidner and Todd created
this index by combining information on the volume of
water available (water supply), the landscape surface
flow patterns and the natural processes that affect water
quality, and the need for drinking water downstream
(water demand). Extra importance was given to
watersheds that generate more water supply.

We focus on human drinking water needs, at the
12-digit HUC level, although we recognize that research
studies at smaller scales have focused on additional
aspects of water quality, such as water temperature or
concentrations of chemical pollutants and their effects
on larger ecological systems.

Determining the Role of Private Forests in Supplying
Drinking Water

To understand the relative contribution of private forests
to surface drinking water, we multiplied the surface
drinking water importance index by the percentage of
each watershed identified as private forest. This new
value represented the importance of private forest



land to surface drinking water. Watersheds with small
amounts of private forests or low importance to surface
drinking water had a small value for private forest
contribution to surface drinking water.

Assessing the Impacts of Housing Development

To assess the relative impact of future housing increases
on private forests we relied on a dataset showing the
percentage of a watershed predicted to experience a
substantial increase in housing density, based on a
method used by Stein and others (2009). Projected
increases in housing density were derived from a
spatially explicit model of housing growth, which
simulates future patterns of development based on
historical growth and accessibility to urban areas and
protected lands (Theobald 2005). Housing densities were
divided into three categories: rural 1 (more than 40 acres
per housing unit), rural 2 (1040 acres per housing unit),
or exurban/urban (fewer than 10 acres per housing unit).
Any areas projected to change from a rural category to

a higher category were considered areas of substantial
increase in housing density. We then determined the
percentage of each watershed expected to experience

an increase in housing density in private forested areas
between 2000 and 2030.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-327.

The Bottom Line: Combining Data Layers

Finally, for each watershed, we multiplied the percentage
of the watershed projected to experience increased
housing density in forested areas by the index of
contribution of private forest land to surface drinking
water (the index, as described above, includes information
on water supply, water demand, and percentage of private
forests). In this way, we identified those privately owned
forested areas that are important for surface drinking
water and are likely to be affected by future increases in
housing density.

We ranked the top 100 watersheds according to the
importance of private forests to surface drinking
water supplies, 50 each from both East and West of
the Mississippi River. Examining critical watersheds
by region allowed us to highlight areas and States of
importance across the U.S.

FINDINGS

Private Forest Contributions to Drinking Water

ighest ranked watersheds, shown in dark green on the
map (Fig. 4), are those where private forests are of
greatest importance to surface drinking water.

thinkstockphotos.com

Lake Fanny Hooe, Upper Peninsula, MI, an area that is an important resource for drinking water, fishing, and recreation.
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Watersheds where private forests make the greatest
contributions to surface drinking water are found across
much of the Eastern United States. This finding makes
sense as, relative to other parts of the country, many
Eastern States have high population densities, high
percentages of private forest, and a greater reliance on
surface water than on groundwater. Notable areas include
southern New Hampshire and eastern Massachusetts;
eastern New York, the New Jersey Highlands and eastern
Pennsylvania; western Pennsylvania; and the southern
Appalachian highlands. In the West, higher values occur
along the northern coast and high-elevation areas, such
as the Pacific Coast ranges, the Sierra Nevada, and
Colorado’s Front Range. Values are lower for much of the
arid West, owing to both lower population density and a
much greater reliance on deep groundwater systems than
in other areas of the country.

This model does not explicitly consider water scarcity; as
a result, much of the arid West, although facing challenges
with water supply issues, does not get high values in the
surface water drinking importance index. Many other

States that also rely on groundwater sources for drinking
water (such as Wisconsin, Florida, and other southeastern
coastal States) also have lower values of surface drinking
water importance in this analysis.

Future Housing Increases on Private Forests

More than 150 million acres of the conterminous United
States, including 55 million acres of private forest lands,
are predicted to experience a substantial increase in
housing density between 2000 and 2030 [(Stein and
others 2009)]. Among private forests, the 55 million acres
expected to experience a substantial increase in housing
density represents about 17 percent of rural private forests
(rural 1 and 2). By 2030 we predict that the percentage

of the United States with housing densities in the urban/
exurban category will have doubled (Table 1). Nearly half
the new acreage in urban/exurban areas will have come
from rural 2 areas, with a similar amount going from rural
1 to rural 2 (Fig. 5).

Watersheds where private forest lands are predicted to
experience a substantial increase in housing density

Index of Private Forest Importance to Surface Drinking Water

B 90th Percentile
[ 75th Percentile
50th Percentile
Less than 50th Percentile
Insufficient private forest for this analysis

Figure 4. Private forest importance to surface drinking water (see Step 2 in the appendix) identifies those watersheds
where private forest lands are most important in protecting surface drinking water. SOURCE: CBI 2012, Fry and others

2011, NRCS 2009b, Weidner and Todd 2011.
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Table 1. Acreage and percentage of private forest in housing density classes from 2000 to 2030

Percent of total

Percent of total

Housing density class Acres (2000) land (2000) Acres (2030) land (2030)
Rural 1 244,025,619 70 213,124,773 61
Rural 2 76,820,759 22 78,728,937 23
Exurban/urban 26,960,774 8 55,953,441 16
TOTAL 347,807,151 347,807,151

are located throughout the East, concentrated along the
Boston—New York—Washington DC corridor as well as

in the Southeast, particularly in Florida (Fig. 6). Other
areas where a substantial increase in housing density is
expected in private forests include pockets in the upper
Midwest and the Gulf Coast States, as well as watersheds
along Colorado’s Front Range, the northern California
coast and the Sierra Nevada, and the Cascade Mountains
in Washington State.

Future of Private Forests and Water Quality

Watersheds where water quality is most likely to change
due to increased housing density on private forests are
most prevalent in the East. Eastern watersheds in the
90th percentile include many in New England and in
the highland areas of the Southeast, well as the upper
Midwest and southern Missouri (Fig. 7). In addition,
the Colorado Front Range and high-elevation areas in
Oregon, Washington, and California contain watersheds

30,000

where private forest land development is likely to affect
drinking water.

Looking at the top 50 watersheds where development

is likely to affect surface drinking water in the East, we
find high-ranking watersheds throughout the region: in
the Mid-Atlantic and New England areas, but also in the
Southeastern United States (Table 2, Fig. 8). At the state
level, New Hampshire and Georgia combined have more
than half of these high ranking watersheds. In the West,
the top 50 watersheds are found in only 7 States, with
more than half in California.

STRATEGIES TO CONSERVE WATER QUALITY

iven the vital role that private forests play in

preserving water quality and supply, and the forecasts

for continued and widespread housing development,
planners and communities across the country are using
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Figure 5. Acres of land predicted to

Acres of land (in thousands)

transition between housing density
classes, 2000—-2030 (in thousands).
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Percentage of each Subwatershed to Experience Increased Housing Density in Private Forest
B 90th Percentile

75th Percentile

50th Percentile

Less than 50th Percentile

Insufficient private forest for this analysis

Figure 6. Percentage of each watershed expected to experience an increase in housing density in private
forested areas between 2000 and 2030. SOURCE: CBI 2012, Fry and others 2011, NRCS 2009b, Stein and
others 2009.

Index of Private Forest Importance to Surface Drinking Water with Development Pressure 4
B 20th Percentile

75th Percentile

50th Percentile

Less than 50th Percentile

Insufficient private forest for this analysis